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© Method for setting the loop gain in a focusing servo loop. 



© A method for setting the loop gain in a focusing 
servo loop (5,6,8,9,7) of a disc player. The loop is 
opened and the objective lens is moved repeatedly 
up and down about the focusing point while the disc 
(1) is slowly rotated, under the control of a system 
controlled (7), thereby generating an S-shaped fo- 

FIG. 1 



cusing error curve. The S-shaped error curve is 
sampled and a loop gain is determined based on the 
sampled values. If an eject instruction occurs during 
the loop gain setting process, a braking pulse is 
applied to a spindle motor (2) for stopping the disc 
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METHOD FOR SETTING THE LOOP GAIN IN A FOCUSING SERVO LOOP 



The present invention relates to methods for 
setting the loop gain in a servo loop of a focusing 
servo device. 

In an optical disc player for playing an informa- 
tion storage disc (referred to as disc, hereinafter) 
such as a video disc, a digital audio disc and the 
like, it is essential to provide a focusing servo 
device for focusing a light beam on the recording 
surface of the disc to form an information reading 
light spot. One type of focusing servo device uses 
the so-called astigmatism method, in which a focal 
error signal is generated on the basis of four sig- 
nals from a four-piece detector. The detector is 
placed at the mid-point between the two points 
which are apart from each other in the light path of 
the beam and on each of which beams are con- 
verged by cylindrical lenses to form lines, for ex- 
ample, one in a horizontal direction and the other in 
a vertical direction. 

However, in the focusing servo device, it is 
sometimes the case that a fluctuation in the laser 
light source power or a variation in the reflectivity 
of the disc causes the loop gain in the servo loop 
system to change with each playing of a disc. The 
fluctuation in the loop gain leads to a decline in 
tracking performance with respect to focusing er- 
rors, thereby preventing stabilized servo operation. 

It is an object of the invention to provide meth- 
ods for setting the loop gain in a focusing servo 
loop, with which the optimum loop gain can be 
automatically set when a disc is to played. 

A method according to the present invention is 
characterized in that the gain is set based on a 
plurality of sample values representing the am- 
plitudes of a focusing error signal which is obtained 
by repeating a plurality of vertical movements of an 
objective lens about the focusing position of the 
lens during revolution of a disc. 

Another method according to the present in- 
vention is characterized in that when an eject in- 
struction is issued during the loop gain setting 
process, a spindle motor is stopped by having 
impressed thereon reverse-rotation driving pulses 
with a width or a peak depending on the time 
elapsed from the extinction of forward-rotation driv- 
ing pulses until the occurrence of the eject instruc- 
tion and the pulse width of the forward-rotation 
driving pulse. 

In the drawings:- 
Fig. 1 is a block diagram showing an em- 
bodiments of a focusing servo device for carrying 
out the method according to the present invention 
for setting the loop gain. 

Fig. 2 is a waveform chart showing a vari- 
ation in a focusing error signal with respect to the 



distance between the objective lens and the disc 
surface. 

Fig. 3 is a timing chart showing the operation 
of a focusing servo loop. 

5 Fig. 4 is a flow chart showing the methods 

according to the present invention. 

Fig. 5 is a flow chart showing the process of 
an eject instruction monitoring mode. 

Fig. 6 is a timing chart for the eject instruc- 

w tion monitoring mode. 

Referring to the accompanying drawings, the 
preferred embodiments according to the present 
invention will be described hereinafter. 

Fig. 1 is a block diagram showing an embodi- 

?5 ment of a focusing servo device to which the 
methods according to the present invention are 
applied. In Fig. 1, a spindle motor 2 drives and 
rotates a disc 1, whose stored information is read 
by a photo pick-up 3. The pick-up 3 is mounted on 

20 a carriage (not shown) so provided as to be fully 
movable along the axis of the disc. In a circuit 4, a 
focusing error signal is produced on the basis of a 
beam emitted from the pick-up 3 and reflected 
from the information storage surface of the disc 1 , 

25 for the purpose of which an error generating meth- 
od according to the well-known astigmatism meth- 
od is used. 

The focusing error signal generated by the 
focusing error signal generator circuit 4 is amplified 

30 by a voltage controlled amplifier (VCA) 5 and then 
digitized by an analog-digital (A-D) converter 6. A 
part of the digitized signal is supplied to a system 
controller 7 and the other part of the signal has its 
frequency-phase characteristics compensated by a 

35 digital equalizer (EQ) 8, to become an input to a 
loop switch 9. The signal from the loop switch 9 is 
supplied to a pulse-width modulator (PWM) circuit 
10, where it is converted into a driving signal with a 
pulse width dependent on the level of the error 

40 signal. After passing through a low pass filter (LPF) 
11 and a driving amplifier 12, the driving signal is 
supplied to a focus actuator (not shown) which 
varies the position of an objective lens along the 
optical axis. 

45 Thus, a focusing servo loop is formed. When 
the switch 9 is connected to the output of the 
digital equalizer 8 at terminal "a", the focusing 
servo loop is closed "and the focus actuator is 
driven based on the focusing error signal, thereby 

so focusing the information reading light beam pre- 
cisely on the information storage surface of the 
disc. 

A driving voltage generator circuit 13 generates 
a digital driving voltage, which is the other input to 
the loop switch 9, whereby the objective lens can 
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be moved up and down along the optical path in 
response to the instructions from the system con- 
troller 7 when a focusing servo is led in; i.e., during 
the period when the loop gain is set by the proce- 
dure according to the present invention. When the 
loop switch 9 is connected to terminal "b", the 
servo loop is open. A driving voltage is supplied to 
the focus actuator via PWM circuit 10, LPF 11 and 
driving amplifier 12. The objective lens is driven in 
an up-and-down movement about its focusing posi- 
tion as a result of a ramp shaped driving voltage 
from a generator 13, under control of the controller 
7. This leads to a focusing error signal at the 
output terminal of the VCA 5. The error signal will 
have a so-called S-shaped characteristic, as shown 
in Fig. 2, with zero crossings occurring when the 
objective lens is at a proper focusing position. 

In response to the instruction from the system 
controller 7, a driving pulse generating circuit 14 
generates a forward-rotation driving pulse having a 
pulse width dependent on the operation mode for 
driving the spindle motor 2. The circuit 14 also 
generates a reverse-rotation driving pulse with a 
predetermined pulse width to provide the spindle 
motor 2 with a braking force in response to an 
instruction sent from the system controller 7 if an 
eject instruction is issued while the focusing servo 
is led in. 

The system controller or processor 7 com- 
prises, for example, a microcomputer. The control- 
ler operates with the help of the computer to con- 
trol and drive a disc loading and clamping mecha- 
nism (not shown) and a carriage support for pick- 
up 3. When the focusing servo is led in, the con- 
troller further performs the process for setting the 
loop gain, as will be described below. 

The procedure for setting the loop gain accord- 
ing to the present invention will be described with 
reference to the timing chart shown in Fig. 3 and 
the flow chart shown in Fig. 4. Hereinafter, it is 
assumed that the process of leading-in of the fo- 
cusing servo will not start until after completion of 
loading and clamping of the disk, and it has been 
detected that the carriage support has reached the 
inner-most track. It is also assumed that when the 
above condition occurs, the loop switch 9 is tog- 
gled to terminal "b", causing the servo loop to be 
open. 

Detecting the arrival of the carriage at the 
inner-most track by means of the output from a 
not-shown detecting means, the processor, at step 
(S1), initializes and resets stored data in the inter- 
nal memory of a RAM and values in various kinds 
of counters, turns on a laser light source of the 
pick-up 3 at step (S2), and then controls the driving 
pulse generating circuit 14 at step (S3) to generate 
a kick pulse, that is, a forward-rotation driving pulse 
with an amplitude H. At step (S4) the processor 



controls the circuit 14 at step (S5) to make it stop 
generating the forward-rotation driving pulse a pre- 
determined time W1 (e.g., 100 ms) after the start of 
the driving pulse. The pulse width W1 and height H 

5 of the forward-rotation driving pulse determines the 
number of rotations of the spindle motor 2. The 
pulse width W1 and height H are so set that the 
spindle motor 2 rotates for a much shorter period 
and at a far lower revolving speed than it does 

jo during normal play. As an example, the spindle 
motor may rotate at a rate of 1 0 rpm in response to 
the forward driving pulse from circuit 14. At this 
speed, scars, stains and pits will not have any 
effect. 

75 Subsequently, at step (S6), the processor con- 

trols a driving voltage generating circuit 13 to make 
it generate a negative driving voltage FD to move 
the objective lens downward; at step (S7) the ob- 
jective lens continues to be driven downward until 

20 the absolute value |FD| of the driving voltage ex- 
ceeds the least limit value UL of a focus driving 
voltage. When |FD| k UL, a timer-counter begins a 
counting operation at step (S8). The counting op- 
eration is synchronized with an internal standard 

25 clock. At step (S9), the time count of the timer- 
counter is compared with a predetermined time T1 
(e.g., 50 ms). When a time T1 has passed, the 
processor, at step (S10), increments the value N of 
an internal counter and, in step (S11), controls the 

30 driving voltage generating circuit 13 to make it 
generate a gradually-increasing ramp-shaped driv- 
ing voltage FD to move the objective lens upward. 
Here, the counted value N indicates the number of 
readings of positive and negative values in the S- 

35 shaped curve. 

Subsequently, in step (S12), it is determined 
whether the error data FE, obtained at the output of 
A/D converter 6 has an absolute value |FE| which 
exceeds a threshold level TH. If |FE| k TH, it is 

40 determined that the output data is not noise, but is 
a true focusing error. As previously noted, the 
focusing error signal will have an S-shaped char- 
acteristic in the neighborhood of the focusing posi- 
tion of the objective lens. At steps (S13) and (S14), 

45 the difference between the positive and negative 
wave heights of the error data, that is, the peak-to- 
peak value, is calculated from the error data. The 
peak-to-peak value is calculated, for example, in 
the following manner. The sampled error data ap- 

50 pearing at the A/D output is compared with the 
previous sample. Successive samples, each being 
larger than the previous sample, indicates a posi- 
tive slope. The first sample which is lower than the 
previous sample indicates that the previous sample 

55 is the peak positive value. The peak negative value 
is determined in a similar way and the peak-to- 
peak value is calculated. 

At step (S15), the current and previous peak- 
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to-peak values are compared. If the current value is 
larger than the previous value, the current value is 
stored in memory and becomes the new previous 
value. If not, the previous value is kept as it is. In 
this way, the memory retains the maximum peak- 
to-peak value which has been obtained. Subse- 
quently, at steps (S16) and (S17), the counted 
values N and M of inner counters I and II are 
incremented. The counted value M indicates the 
number of up-and-down movements of the objec- 
tive lens. After a predetermined time t (e.g., 5 ms) 
has passed, as determined at step (S18), it is 
determined at step (S19) whether the counted val- 
ue M of the inner counter II is equal to a predeter- 
mined value MO (e.g., 4) or more; that is, whether 
up-and-down movements of the objective lens have 
been performed a number of time, at least equal to 
MO. 

If M < MO, it is determined at step (S20) 
whether the value M is odd or not. If M is zero or 
even, the processor returns to step (S11) to re- 
verse the lens driving direction and repeat the 
above-mentioned operations. If the value M is odd, 
the processor (S21) controls the driving voltage 
generating circuit 13 to make it generate a 
gradually-decreasing ramp-shaped driving voltage 
FD to reverse the lens driving direction and move 
the objective lens downward. The process returns 
to step (S12), and repeats the above-mentioned 
operations. 

If the judgment in step (S12) is |FE| < TH, in 
step (S22) the counted value M of the inner coun- 
ter II is judged to see if it is 2ero or even. If the 
value M is zero or even, at step (S23) the driving 
voltage FD is judged to see if it has become equal 
to or greater than its upper limit value UH. If FD £ 
UH, at step (S24) the counted value M of the inner 
counter II is incremented and then the procedure 
branches to step (S19). If FD < UH, the procedure 
returns to step (S11) to repeat the above-men- 
tioned operations. On the other hand, if the value M 
is judged odd in step (S22), at step (S25) the 
driving voltage FD is judged to see if it has be- 
come equal to or less than its lower limit value UL. 
If !FD! S UL, the procedures branches to step 
(S24), if not it goes to step (S21). 

If the judgment in step (S19) is M i MO, the 
counted value N of the inner counter I is judged to 
see if it is one. If this condition exists, it means that 
no peak-to-peak values of the S-shaped error curve 
have been taken during the time the objective lens 
has been moved up and down. Under this con- 
dition, the above-mentioned steps are terminated 
without the loop gain being set. In this case, for 
example, the above-mentioned process is per- 
formed again. If N * 1 , the processor controls the 
gain of VCA 5 at step (S27) to set the loop gain in 
the focusing servo loop on the basis of the maxi- 



mum peak-to-peak value which has finally been 
stored into memory in step (S15). At step (S28), 
the driving voltage generating circuit 13 is con- 
trolled to make it generate a gradually-increasing 

5 ramp-shape driving voltage (FD) to move the ob- 
jective lens upward, and then at step (S29), the 
controller toggles the switch 9 onto the terminal "a" 
to close the servo loop, whereby the series of 
steps to set the loop gain is completed. 

70 That is, in order to set the loop gain in a 
focusing servo loop; first, a spindle motor 2 is 
driven to rotate; the up-and-down movements of 
the objective lens is repeated about the focusing 
position a plurality of times during the rotation of 

15 the motor 2, through which a focusing error signal 
is produced; a plurality of, for example, peak-to- 
peak values representing the magnitudes of the 
amplitudes of the focusing error signal, are taken in 
as sample values; and the loop gain is set on the 

20 basis of the maximum value of the taken-in sample 
values. This makes it possible to automatically set 
the optimum loop gain irrespective of fluctuation in 
the power of the light source or variation in the 
reflectivity of the discs. And even though there are 

25 scars and stains on the disc which will cause noise 
with a characteristic like S-curve, the level of the 
noise will be so small that it will not be accidentally 
detected as the S-curve of a true focusing error. 
Moreover, whereas in the above-mentioned 

30 embodiment the spindle motor 2 is driven with a 
specific pulse width, a constant voltage can be 
impressed to keep the disc rotating at a constant 
revolving speed only for the period of automatic 
adjustment of the loop gain, and can be stopped 

35 after the automatic setting of the loop gain. 

Furthermore, whereas in the above-mentioned 
embodiment the maximum value of a plurality of 
peak-to-peak values is used to determine the loop 
gain, the average value of a plurality of peak-to- 

40 peak values can also be used to determine a loop 
gain. 

A method of determining the loop gain will be 
described in more detail. For example, it is as- 
sumed that the focusing servo devise shown in Fig. 

45 1 is designed so that it is optimum when a peak-to- 
peak value of the focusing error signal is 1 .8 volt. 
In the device, at first, the gain of the voltage 
controlled amplifier (VCA) 5 is set at, for example, 
1. For a disc, when the maximum value of a 

so plurality of peak-to-peak values is 2.0 volt, the gain 
of the VCA is set at 1.8/2.0 (0.9) so that the 
optimum loop gain is set. Also, when the average 
value of a plurality of peak-to-peak values is 1.5 
volt, the gain of the VCA is set at 1.8/1.5 (1.2) so 

55 that the optimum loop gain is set. It is also possible 
to determine the loop gain by changing the direct 
current gain of the digital equalizer (EQ) 8 or the 
conversion gain of the PWM (D/A). Of course, it is 
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also possible to determine the loop gain by the 
combination of the above methods. 

In the process of a lead-in operation of the 
focusing servo described above, if an eject instruc- 
tion is issued from an operational part of the sys- 
tem, a process will be executed whereby the spin- 
dle motor 2 is supplied with braking to cause it to 
stop immediately. Referring to the timing chart in 
Fig. 6 and following the flow chart in Fig. 5, 
hereinafter will be described a processing proce- 
dure, whose subroutine is called up and executed 
in a predetermined period during the focusing ser- 
vo lead-in operation. 

The processor at step (S31) judges whether an 
eject instruction has been issued from the opera- 
tion part 15. If an eject instruction has been issued, 
at step (S32) the counted value of the timer-coun- 
ter started at step (S8), shown in Fig. 4, is taken in. 
Since the counted value D corresponds to the time 
T2 elapsed from the extinction of the forward- 
rotation driving pulse for the spindle motor 2, as- 
suming the clock period for the timer-counter to be 
t, the time elapsed can be found through the 
operational equation T2 = D x t. Then, in order to 
provide the spindle motor 2 with braking, at step 
(S33) the processor controls the driving pulse gen- 
erating circuit 14 to cause it to generate a reverse- 
rotation driving pulse with a wave height of, for 
example, H, as a braking pulse. Subsequently, the 
processor calculates the pulse width W2 of a 
reverse-rotation driving pulse through the oper- 
ational equation W2 = W1 / a * 12 (a is a constant) 
on the basis of the pulse width W1 of the forward- 
rotation driving pulse and the time T2 elapsed from 
the extinction of the forward-rotation driving pulse 
until the eject instruction is issued. At step (S34) 
the controller waits for the time corresponding to 
the pulse width W2 to elapse, and at step (S35) it 
controls the driving pulse generating circuit 14 to 
make it stop generating the reverse-rotation driving 
pulse. 

That is to say, when an eject instruction is 
issued from the operation part 15 in the process of 
the focusing servo lead-in operation, a braking 
pulse is generated and applied to motor 2. A brak- 
ing pulse is a reverse-rotation driving pulse having 
a pulse width W2 dependent upon the pulse width 
W1 of the forward-rotation driving pulse and the 
time T2 elapsed from the extinction of the forward 
rotation driving pulse until the eject instruction is 
issued. This makes it possible to begin the eject 
operation after the disk 1 has stopped completely. 
Thus, the disc 1 can be ejected without being 
scarred. 

Moreover, in the above embodiment, the pulse 
width W2 of a reverse-rotation driving pulse is 
determined depending on the pulse width W1 of 
the forward-rotation driving pulse and the time T2 



elapsed from the extinction of the forward-rotation 
driving pulse until the eject instruction is issued, 
whereas the same effect can be obtained from 
determining the pulse height H of a reverse-rotation 

5 driving pulse depending on the pulse width W1 of 
the forward-rotation driving pulse and the time T2 
elapsed from the extinction of the forward-rotation 
driving pulse until the eject instruction is issued. 
As described above, according to the loop gain 

to setting methods based on the present invention, it 
is possible to set automatically an optimum loop 
gain irrespective of the fluctuation in the power of a 
laser light source and a variation in the reflectivity 
of the discs. 

75 

Claims 

1. In a disc player of the type having an 
20 objective lens for focusing a reading light on the 

surface of a disc and a focusing servo loop for 
adjusting the height of said lens for proper focus- 
ing, said loop having a gain controlled amplifier and 
a focus error signal generator; a method of setting 

25 the loop gain of said servo-loop while said servo 
loop is open, comprising: 
rotating said disc in said disc player; 
moving said objective lens repeatedly a number of 
times in an up-down pattern about the focusing 

30 point to cause said error signal generator to gen- 
erate an error signal having an S-shape in the 
vicinity of said focusing point; 
sampling the values of said S-shaped error signal; 
and 

35 setting the loop gain in accordance with a plurality 
of said sampled values. 

2. A method according to claim 1 , wherein said 
loop gain is set on the basis of a maximum value 
of a plurality of said sample values. 

40 3. A method according to claim 1 , wherein said 
loop gain is set on the basis of an average value of 
a plurality of said sample values. 

4. A method according to claim 1 , wherein said 
sample values are differences between positive 

45 and negative wave heights, or peak-to-peak values. 

5. A method according to claim 1 , wherein said 
disc is rotated for a short time and at a slow speed. 

6. The method as claimed in any of claims 1-5, 
wherein the step of rotating said disc comprises: 

50 generating a forward driving pulse of a predeter- 
mined width, and applying .said forward driving 
pulse to a spindle motor which rotates said disc in 
a direction and speed determined by said forward 
driving pulse. 

55 7. The method as claimed in claim 6, further 
comprising: 

detecting the presence of an instruction to eject the 
disc from said player at a time during the setting of 
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said loop gain; 

in response to said detecting, generating a reverse 
rotation driving puise having one of a pulse height 
and pulse width dependent upon the pulse width of 
said forward driving pulse and the elapsed time 5 
since the termination of said forward driving pulse; 
and 

applying said reverse rotation driving pulse as a 
braking pulse to said spindle motor. 

8. A disc player of the type having an objective w 
lens for focusing a reading light on the surface of a 

disc and a focusing servo loop for adjusting the 
height of said lens for proper focusing, said loop 
having a gain controlled amplifier and a focus error 
signal generator; comprising means for setting the is 
loop gain of said servo-loop while said servo loop 
is open, said means comprising: 
means for rotating said disc in said disc player; 
means for moving said objective lens repeatedly a 
number of times in an up-down pattern about the 20 
focusing point to cause said error signal generator 
to generate an error signal having an S-shape in 
the vicinity of said focusing point; 
means for sampling the values of said S-shaped 
error signal; and 25 
means for setting the loop gain in accordance with 
a plurality of said sampled values. 

9. Apparatus according to claim 8, wherein the 
means for rotating the disc includes means for 
generating a forward driving pulse of a predeter- 30 
mined width, and applying said forward driving 
pulse to a spindle motor which rotates said disc in 

a direction and speed determined by said forward 
driving puise. 

10. Apparatus according to claim 9, further 35 
comprising: 

means for detecting the presence of an instruction 
to eject the disc from said player at a time during 
the setting of said loop gain; 

means for generating a reverse rotation driving 40 
pulse, in response to said detection, having one of 
a pulse height and pusie width dependent upon the 
pulse width of said forward driving pulse and the 
elapsed time since the termination of said forward 
driving pulse; and 45 
means for applying said reverse rotation driving 
puise as a braking pulse to said spindle motor. 



EP 0 388 551 A2 



FIG. 2 



DEPARTING 
DIRECTION 





EP 0 388 551 A2 




EP 0 388 551 A2 



FIG. 5 




FIG. 6 



FORWARD-ROTATION 
DRIVING PULSE 




Europaisches Patentamt 
® Q))i Euro P ean Patent Office 



© Publication number: 



Office europeen des brevets 



0 388 551 

A3 



EUROPEAN PATENT APPLICATION 



© Application number: 89309367.4 
© Date of filing: 14.09.89 



© int. CI. 5 : G11B 7/09 



© Priority: 18.03.89 JP 67329/89 

© Date of publication of application: 
26.09.90 Bulletin 90/39 

© Designated Contracting States: 
DE FR GB 

© Date of deferred publication of the search report: 
07.11.90 Bulletin 90/45 



© Applicant: PIONEER ELECTRONIC 
CORPORATION 
No. 4-1, Meguro 1-chome 
Meguro-ku Tokyo 153(JP) 

© Inventor: Ishii, Hidehiro Pioneer Electronic 
Corporation 

Tokorozawa Works No. 2610 Hanazono 
4-chome 

Tokorozawa-shi Saitama(JP) 



Inventor: Takeya, Noriyoshi Pioneer 
Electronic Corporation 
Tokorozawa Works No. 2610 Hanazono 
4-chome 

Tokorozawa-shi Saitama(JP) 

Inventor: Miura, Chiharu Pioneer Electronic 

Corporation 

Tokorozawa Works No. 2610 Hanazono 
4-chome 

Tokorozawa-shi Saitama(JP) 

Inventor: Fukuda, Tatsuya Pioneer Electronic 

Corporation 

Tokorozawa Works No. 2610 Hanazono 
4-chome 

Tokorozawa-shi Saitama(JP) 



© Representative: Brunner, Michael John et al 
GILL JENNINGS & EVERY 53-64 Chancery 
Lane 

London WC2A1HN(GB) 



© Method for setting the loop gain in a focusing servo loop. 



© A method for setting the loop gain in a focusing 
servo loop (5,6,8,9,7) of a disc player. The loop is 
opened and the objective lens is moved repeatedly 
up and down about the focusing point while the disc 
(1) is slowly rotated, under the control of a system 
controlled (7), thereby generating an S-shaped fo- 

I FIG. 1 



cusing error curve. The S-shaped error curve is 
sampled and a loop gain is determined based on the 
sampled values. If an eject instruction occurs during 
the loop gain setting process, a braking pulse is 
. applied to a spindle motor (2) for stopping the disc 
rotation. 



LO 
LO 

00 
00 
CO 



Dl 




Xerox Copy Centre 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 89 30 9367 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP-A-0247829 (PIONEER ELECTRONIC CORP) 

* page 3, column 3, line 9 - page 4, column 5, 



line 11 - page 4, 
7-12; figures 1- 



1 lie present search report has been drawn up for all claims 



29 AUGUST 1990 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 



T : theory or principle underlying the invention 
F, : earlier patent document, hut puhlished on, or 

after the filing date 
I) : document cited in the af 



nt family, corresponding 



